Introduction
The Achilles' tendon moment arm (ATma) is a critical quantity in that it defines the triceps surea's ability to generate a moment on the calcaneus, which is then transferred to the foot. In the past this measure has been primarily acquired statistically, in 2D, without muscle activation, and in small populations. Thus, the primary purpose of this study was to establish the first in vivo threedimensional measures of the ATma, measured non-invasively and in vivo during dynamic activity in a large normative population (n = 19) using a dynamic MRI technique. The ATma was defined as the shortest distance between the finite helical axis (FHA) of the calcaneal-tibial joint and the AT line of action.
Methods
Nineteen healthy subjects (25.5 ± 3.7 years, 70.1 ± 13.1 kg, 174.3 ± 7.8 cm, 6 F/14 M) participated in this IRB approved study. Subjects were placed supine in a 1.5 T MR imager (LX; GE Medical Systems, Milwaukee, WI, USA) after obtaining informed consent. An MRI-compatible device was used to apply a plantarflexion (PF) load. This device allowed natural 3D motion at both joints of the hindfoot. While subjects cyclically plantarflexed and dorsiflexed their ankle at 35 cycles/min fast-PC MR images (anatomic and x, y, and z velocity images, temporal resolution = 72 ms, imaging time = 2:48) were collected [1] . The sagittal-oblique imaging plane contained the soleus musculotendon junction, tibia, talus and calcaneus. The 3D time dependent tibial, talar and calcaneal attitudes along with the soleus displacement were derived by integrating the velocity data. From these data the FHAs and ATmas were determined. Averages are presented for PF only and for ranges represented by 3 or more subjects The range of motion was self-selected, thus not all subjects are represented at all ankle angles.
Results
A slight decrease in the ma was seen in PF from -2° DF to 39° PF (0° = anatomically neutral). Women tended to have a slightly smaller ATma and stature, but a correlation between ATma and height was not found. 
Conclusion
This study is the first to quantify the ATma non-invasively and in vivo during loaded PF, using a population size twice that of most past studies. The slight decrease in ATma during PF was due primarily to posterior displacement of the calcaneal-tibial FHA, but some of this change could also be attributed to the 3D change in FHA orientation. These data are similar in value to past studies, but the steady increase in value during PF was not found [2, 3] . This is likely due to the 3D nature of this experiment and that the moment arm was calculated directly from the FHA. Thus, the assumptions required for the center of rotation and tendon excursion methods did not limit the current experiment. The small number of female subjects makes comparing the two groups difficult, but the smaller ATma was expected due to the average height difference (161.3 ± 1.8 mm vs. 176.0 ± 3.4 mm). Since a correlation between height and ATma could not be established, normalization was not used.
